The collaborative relay network plays an important role in a smart grid application thanks to its high efficiency. However, energy and bandwidth management need to be further improved to extend network life cycle and reduce potential network segmentation. Aiming to balance the network energy consumption, this paper proposes an adaptive relay node selection algorithm based on the opportunity (OAR). In OAR, the potential relay nodes are chosen to act as candidates based on bit error rate (BER) estimation, and then, the relay is adaptively and opportunistically determined for packet forwarding. Residual energy is considered to avoid fast energy exhaustion for some certain nodes. The simulation results show that the proposed OAR algorithm improves the network performance by deferring the earliest death time of the nodes and extending the network life cycle.
Introduction
Smart grid plays an important role in the national energy industry chain. Nowadays, a communication system called wireless smart grid plays an irreplaceable role in real life.
The smart grid is a wireless hybrid network, which is supported by a based station of a wired network (intelligent monitoring system) to assist remote communication (https://en.wikipedia.org/wiki/Smart_grid) among wireless nodes (smart meters and sensors). Wireless smart grid is composed of n wireless nodes, which lack support from a fixed infrastructure. Due to the lack of a fixed infrastructure support, data transmission cannot be transmitted through cable facilities, instead of being transferred to the destination node in a multi-hop way.
When a node in the wireless smart grid is scheduled to transmit data, nodes will be selected from the same cell to cooperate with the source node. This form of transmission can be achieved as long as this transmission does not damage the transmission rate [1] . These nodes are called the source of opportunity. Then, it will be a worthy question that what can become a source of opportunity to assist the source node to complete the data transmission more effectively. The source of opportunity mentioned here is the candidate relay nodes in this article. Due to the limited node resources, the traverse method is not able to effectively achieve low enough lantency which is crucial in smart grid application is restricted, and due to the high standard of node communication processing and communication delay, using the traverse method to select the relay node does not work effectively.
The research of classical cooperative relay communication technology has focused on the improvement of system performance, but takes no account of the energy efficiency of the system. At present, from an energy efficiency stance, the literature [2, 3] demonstrated that the energy consumption of the wireless communication network can be improved by cooperative diversity techniques. P. Rost used a fixed relay structure in the cellular communication which could reduce the energy consumption effectively and thus enhance system performance in case of increasing the density of the relay [4] . Nokleby and Aazhang used the game theory model to demonstrate that the transmission energy efficiency of two users could be improved under different channel conditions by a collaboration of two users [5] . But related researches above do not take into account the average energy consumption of all nodes and selecting relay nodes adaptively based on opportunity, which thus extends the life cycle of the network.
This paper proposes an adaptive relay node selection algorithm based on opportunity with the purpose of balancing node energy consumption, making the node to be more efficient and working in longer hours, and improving the performance of wireless smart grid system, which can effectively and greatly achieve a balance of network energy consumption and extend the life cycle of the wireless smart grid system. The rest of this paper is organized as follows: In Sections 2 and 3, the author will introduce the system model and OAR selection algorithm. Section 4 contains the experimental evaluation of the proposed algorithm. Section 5 concludes the whole paper.
System model
Considering its own characters of the wireless smart grid, such as wireless channel multipath fading, path loss, shadow effects, and other unfavorable factors, the direct communication efficiency between the source node and the destination node is not high [6] . We assume that wireless sensor cooperative communication network contains n sensor nodes and a destination node, in which n sensor nodes can work as a source node to send data, and also function as a relay node to forward data, as is shown in Fig. 1 . We assume that the relay node is selected from the candidate relay nodes. According to the requirement of the bit error rate (BER) threshold, we select the relay node that BER is lower to assist the source node to send information to the destination node. The BER threshold is the direct link BER.
In this system, besides the channel between the source node (S) and destination node (D), there also exist channels between the source node and each relay node (R) and each relay node and destination node. d sd represents the distance from S to D, d sr i between S and R, and d r i d between R and D. In the model above, the entire relay process can be divided into two time slots [7] .
In time slot 1, S sends the information data to R and D, then the received signals y s,r (t) and y s,d (t) come, respectively, from R and D:
P A is the transmission power of S, h s,r and h s,d are the channel coefficients of S to R and to D, and n s,r and n s,d are the corresponding Gauss white noise.
In time slot 2, R will forward the message to D, at which D receives the signal y r,d (t) from the relay node that is given: β is the relay amplification factor. If D adopts the maximum ratio combination, the received signal of the destination node is 3 An adaptive relay node selection algorithm based on opportunity for wireless smart grid system
Candidate relay node set selection method
The OAR selection algorithm is considered from the goal of meeting the minimum BER requirement. That is to say, the BER of the data transmission from S to D is calculated firstly, and set it as the threshold for selecting candidate relay nodes. Then, the relay node calculates the average BER at the time of forwarding data, and automatically determines whether the average BER is less than the BER threshold. If so, these relay nodes constitute a set of candidate relay nodes that assist the source node to complete data transmission efficiently.
In AF relay mode, the SNR (signal to noise ratio) of the receiver with its maximum ratio is Under the circumstances of high SNR, 1 in formula (4) can be ignored and be approximated as
According to the basic knowledge of communication theory, the BER formula based on SNR can be expressed as P e ¼ Q ffiffiffiffiffiffiffi ffi kγ d p . The constant k is related to the modulation mode. In binary phase shift keying, the value of K
In this way, the BER formula can be used to calculate the direct transmission link. That is, the BER of S to D is
Similarly, we can calculate the BER from S to the candidate relay node R i , that is P e S; R i ð Þ¼Q ffiffiffiffiffiffiffiffiffi kγ s;r p . The candidate relay node has two kinds of cases: correct reception and incorrect reception.
When the candidate relay node R i receives correctly, with the help of a single R i , the BER from S to D can be expressed as P e S; R i ;
When the candidate relay node R i receives incorrectly, it does not transmit power, which means that it does not assist in transmitting information. At this time, the BER between S and D can be expressed as P e S; D 
In this OAR selection algorithm, the relay nodes that meet the requirement of BER P e (i) < P e (d) making up the candidate relay nodes assist the source node to complete the efficient transmission of data together.
Analysis of node energy consumption and node survival rate in wireless smart grid
Wireless smart grid scale is usually very large, while the node's energy supply and hardware resource are limited. It is very difficult to replace or recharge the battery after the node has been exhausted. According to different application requirements, there are many definitions of the network life cycle, which usually refers to the duration time that starts from the beginning of the network to the point that it cannot complete the requirement of the application. Due to the limitation of the node's energy and its difficulty of replacement, the network life cycle depends on the time when the first network node dies. The later the first dying node occurs, the longer the life cycle of the network is.
Most of the destination nodes in the wireless smart grid are far away from the source node. Direct communication can cause a lot of energy waste. Therefore, it is necessary to construct a multi-hop transmission between nodes to reduce the node energy consumption and that of the whole system according to the characteristics of the wireless smart grid. For the wireless smart grid, the OAR selection algorithm proposed in this paper can balance the energy consumption of the relay nodes, which can enable the node to work more efficiently and in a longer working time, consequently prolonging the life cycle of the whole wireless smart grid system.
The energy consumption of sensor nodes can be categorized into three parts [9] : the transmission energy consumption generated by the data transmission is E t , the received energy consumption generated by the data reception is E r , and the perceived energy consumption generated by the sensing data is E p . Among them, E t and E r constitute the main part of energy consumption. According to the article [10] , transmission energy consumption generated by the transmission of k-bit data from node i to node j can be defined as:
The value of E t depends on the transmission distance from node i to node j and the amount of data being transmitted. If d is smaller than the threshold value d 0 , the transmission loss will use the free space mode; accordingly, if d is greater than the threshold value d 0 , the transmission loss is chosen for the multipath model. E elec is the electrical energy that is related to digital coding and other factors, ε fs is the amplification energy that is related to the sensitivity of receiver, and ε amp also is amplification energy that is related to the received noise image. The received energy consumption E r can be defined as
Under restricted conditions:
When the node functions as the source node, and the initial energy is E 0 , which sends k-bit data, the transmission energy consumption of S is
The residual energy of the source node is
(3)When the node functions as the relay node, the initial energy is E 0 . The relay node R i receives the kbit valid data, and then forwards the k-bit valid data to the destination node. d r i d i∈ 1; N ½ ð Þis the distance between the relay node and destination node, then the total energy consumption of R is
The residual energy of the relay node is
(4)The energy of D is not limited 3.3 An adaption relay node selection algorithm based on opportunity for wireless smart grid system This paper presents the opportunity (OAR) selection algorithm, which is described as follows. To meet the communication reliability requirement, the algorithm calculates the BER from S to D firstly, then, sets it as the threshold for selecting the candidate relay nodes. Secondly, the relay node calculates the average BER at the time of forwarding data and automatically determines whether the average BER is less than the BER threshold. We will select the relay node that meets the threshold requirement to form the candidate relay node set. Thirdly, we select the relay node adaptively from the candidate relay node set to forward data. The relay node compares its residual energy of forwarding data with its initial energy. If the residual energy is 10% more of its initial energy of the node, the system adaptively selects the relay node to transmit data depending on the probability that the node is selected; if the residual energy is 10% less of the initial energy of the node, the node dies. If the percentage of dead nodes is greater than 30%, the entire network life cycle will come to an end.
In order to select the relay node to transmit data from the candidate relay nodes set, the probability that node i is selected as the relay node based on the residual energy of the node is
When the residual energy of the candidate relay node is enormous, then the probability of being selected as a relay node is high. In this paper, the relay node M* with the maximum value of p(i) Selected is selected as the relay node to transmit data, that is,
The specific steps of OAR selection algorithm are as follows:
(1)According to formula (6) , calculating the BER threshold of candidate relay nodes (2)According to formula (7), selecting relay nodes that meet the BER threshold requirement to form a candidate relay node set (3)According to formula (14), selecting relay nodes adaptively depending on node residual energy from the candidate relay node set to assist the source node to complete data transmission. (4)According to formulas (11) and (13), determining whether the node is dead (5)If the node energy consumption is 10% less of its initial energy of the node, the node is dead. When the percentage of dead nodes is greater than 30%, the entire network life cycle will come to an end
The flow chart of the OAR selection algorithm proposed in this paper is shown in the Fig. 2 . In this paper, such a cycle is called a round number or a wheel.
Simulation experiments and results analysis
In order to verify and evaluate the performance of OAR selection algorithm proposed in this paper, we simulate the OAR selection algorithm in this paper. Before the analysis, we make the following assumptions and regulations. Simulation conditions: once the nodes in the network are deployed, they are still stationary; channels between nodes are Rayleigh flat fading channel, the fading between channels is independent, and each channel noise is an additive Gaussian white noise (AWGN) with a mean of 0 and a variance of 1; each node works in a half-duplex mode; the node power is distributed averagely and P A = P R ; OAR selection algorithm is used to select relay note and transmit data; we assume that the network consists of 100 nodes that meet the requirements of the BER (which can be used as a source node or a relay node) and a destination node; and when the residual energy of the node is 10% less than the initial energy of the node, it is considered that the node is dead. When the percentage of dead nodes is more than 30%, the life cycle of the whole system in the network will also come to an end. The experimental parameters are shown in Table 1 . According to the average data of several experiments and the parameter values of the classical experiments, the empirical parameter values of the algorithm are obtained. A comparison can be made on the direct transmission and the minimum energy consumption transmission as well as OAR selection algorithm. Direct transmission, as the name implies, S transfers data to D directly. The minimum energy consumption of the relay node is selected to do the comparison in this paper.
Number of dead nodes
In order to verify the validity of the proposed OAR selection algorithm, the number of network dead nodes of three algorithms is compared under the same initial energy. As shown in Fig. 3 , since the direct transmission is not taken into account of the adaptive adjustment process of the node based on the opportunity, the number of dead nodes in the direct transmission is more than the minimum energy consumption transmission and OAR selection algorithm transmission. At the same time, the minimum energy consumption transmission only takes the minimum energy consumption standard to select relay node, it does not count the average energy consumption of all nodes, thus accelerating the death time of the first node.
As can be seen from the figure, in the first 400 rounds, the three algorithms did not appear to be dead nodes; 400 rounds after, the dead nodes began to appear. The OAR selection algorithm's first dead node appears at the latest, the time of the first death of the node that appears on the OAR selection algorithm is about one time higher than that of the direct transmission, and the OAR selection algorithm extends the time of the first dead node, 59.8% compared with the minimum energy consumption transmission.
Network life cycle
The network lifecycle shows the time that the network can work properly. There are many definitions of the life cycle of the network, but the duration time from the beginning until the dead node percentage is greater than 30% which is defined as the network life cycle in this paper. In order to ensure the reliability of the experimental results, three algorithms were carried out in 10 experiments, and we calculate the average life cycle of the 10 experiments, and the results are shown in Fig. 4 . As can be seen from the figure, the OAR selection algorithm can extend the network life cycle greatly. When the number of candidate nodes is 200, the life cycle of the OAR selection algorithm is about 0.92 times higher than that of the direct transmission, and the network life cycle is extended by 21.4% than the minimum energy consumption transmission.
Network energy consumption
The network energy consumption consists of the energy consumption from S to R and the energy consumption of S to R. Figure 5 shows the total energy consumption curve of the network nodes of three algorithms. As shown in Fig. 5 , the network total energy consumption of direct transmission is higher than the minimum energy consumption transmission, and these two algorithms are higher than the OAR selection algorithm. Moreover, the energy consumption curve of the OAR selection algorithm shows a slight change which suggests that a relay node selected by an OAR selection algorithm has the ability of balancing node energy consumption, thus minimizing the total energy consumption of the network and prolonging the life of the network effectively. The relay node selection algorithm extends the life cycle of the network to a certain extent. But if we select the optimal location relay selection algorithm to transmit data, the relay node may die prematurely due to a heavy load. If we choose the minimum energy consumption transmission, it will also accelerate the death of the node with low residual energy without thinking of the energy consumption of the source node. This paper presents an adaptive relay node selection algorithm based on the opportunity (OAR) that contrasts the number of dead nodes and the network life cycle, the total energy consumption of direct transmission, and the minimum energy consumption transmission. It is found that the proposed OAR algorithm can improve the network performance by deferring the earliest death time of the nodes, balancing the energy consumption of each node, and extending the network life cycle.
